Objective. To determine the role that smartphones may play in supporting older adults with chronic noncancer pain (CNCP) in order to improve pain management in this expanding population.
Introduction
Chronic noncancer pain (CNCP) is a common, costly, frequently disabling condition among older adults [1, 2] . Furthermore, many challenges make it difficult to effectively care for older adults with CNCP. These challenges include, but are not limited to, achieving effective patient-provider communication, helping patients maintain social networks with family and friends, prescribing analgesic medications safely, and promoting medication adherence in line with practice guidelines [3] . Information technologies potentially offer older adults with CNCP, and their providers, novel ways to communicate and coordinate care, as well as help older adults better manage their care.
Mobile health technologies (mHealth) constitute a novel approach to managing CNCP [4] . mHealth apps could also help older adults with CNCP establish and maintain social connectedness with family and friends [5, 6] . To support that claim, 82% of smartphone-owning older adults described the technology as "freeing," unlike only 36% of 18-to 29-year-olds [7] . Yet a 2015 survey reported that only 27% of older adults over age 65 owned a smartphone, albeit that represents an 8% increase in just one year [8] . Perhaps due to the relatively low smartphone adoption rate, fewer adults over age 65 qualify as being "smartphone dependent" than adults age 18 to 29 years (2% vs 15%, respectively) [8] .
Given the potential opportunities for meeting the needs of older adults, researchers from multiple disciplines would do well to determine the factors that can promote mHealth adoption for managing CNCP [9] . For example, Greenhalgh et al. qualitatively determined that assistive technologies require a "radical revision" from merely data-gathering inputs to integrative devices that fit within older adults' "lived experiences" [10] . Furthermore, Scheibe et al. reported that older adults found using diabetes mobile apps to be "non-intuitive" and displayed text font sizes that were too small to read [11] . These results help to explain, in part, the continued low adoption levels of smartphones among older adults [12] .
Given the challenges associated with the designs of smartphones and limited adoption of smartphones in the elderly, we sought to explore the experiences of older adults with CNCP to inform how mHealth could be designed to best meet their needs for managing pain and enhancing delivery of pain care.
Methods
The team sought a purposive sample comprised of community-representative older adults, age 60 to 95 years, from an academic medical center-affiliated outpatient practice in Manhattan, New York City. This practice provides primary care to over 5,000 adults living in and around New York City. The mean age of patients receiving care in the practice is 83 years. Eligible participants were those who self-reported being treated for CNCP with opioids for at least six months and who were conversant in English. Based on interactions throughout each interview, no participant appeared to be significantly cognitively impaired. This target population was selected for study because they typically represent individuals with more severe pain problems that have not been helped by customary treatments. In addition, both providers and patients acknowledged multiple barriers to the use of opioid medications, for example, fear of causing harm due to inadequate monitoring of treatment outcomes at the provider level and fear of addiction at the patient level [13, 14] , which could be partially addressed by mHealth technologies. We did not screen participants for ownership or experience with a mobile device or tablet, or for interest or preference for using mHealth. Participant socio-economic status was not asked at the time of screening but was recorded if the participant volunteered that information. Similarly, we did not document participants' functional limitations but did ask about their types of pain during the course of the interviews. We received approval for this study from the Institutional Review Board of Weill Cornell Medical College.
A research assistant and the authors used multiple strategies to recruit prospective participants, which included 1) asking practice geriatricians to refer potentially eligible patients, 2) in-person recruiting from a practice waiting room, and 3) telephoning prospective participants based on a review of electronic health records (Epic Systems, Inc., Verona, WI, USA). Those who agreed to participate were scheduled for an interview and notified that they would receive a $20 gift card for their time.
The semistructured interview guide was intended to elicit older adults' perspectives on the utility of smartphones for medication adherence of opioids, as well as for facilitating communications with providers. Specific questions about older adults' smartphone use for managing CNCP were intended to be addressed in a future second-phase research project. In developing the guide's questions, we leveraged our expertise in mHealth [15, 16] for older adults and experience in multiple fields: biomedical informatics (JER), nursing research (AN), and geriatrics (MCR). After dialoging and multiple iterations, we agreed on 12 open-ended questions and eight additional probes (see Appendix A). Furthermore, a brief introduction framed the questions around their experiences and challenges managing chronic pain and opinions of technologies such as smartphones (and cell phones or tablets). Smartphones and mHealth were not defined in advance but were described whenever a participant asked for explanation or clarification. Prior to any interview questions, each participant was asked if he or she had any questions for the interviewer.
One interviewer (JER) conducted one-on-one semistructured interviews over the telephone. With participants' permission, the researcher audio recorded participant consents and interviews on a digital recorder for transcription (Survey Research Institute, Ithaca, NY, USA). No participants declined to be audio recorded, and all interviews were conducted in English. When participant answers significantly deviated from the questions asked, the interviewer pursued the line of thought to delve into participants' impressions and opinions, particularly as they related to mHealth for managing CNCP. All interviewees were mailed a $20 gift card for their participation.
We conducted a descriptive analysis as described by Sandelowski that allows for "straight descriptions of phenomena" and re-presenting data in domains of original inquiry [17, 18] . This consisted of a three-step process of coding units of text at the phrase and sentence levels, building up codes into larger themes, and internally testing those themes. Two of the researchers (JER and JIL) reviewed and independently coded the transcripts in NVivo qualitative analysis software (QSR International, version 10). The two met regularly to discuss their codes and merge them into a unified codebook in NVivo. The codebook was continuously updated in successive meetings until achieving thematic saturation, meaning no new codes emerged from the data. After the two researchers arrived at an agreedupon set of codes, they then aggregated and arranged those codes into larger themes [19] . Throughout the process, the primary data, codes, and themes were presented to the senior research team members (AN and MCR), who provided input and critiques of themes. To provide an additional layer of rigor, both senior researchers reviewed all interview transcripts to attest to themes and thematic saturation. The team agreed that the most effective way to "re-present" the analyses was to use the two domains we had initially set out to study (adherence and communication), plus a third domain that had emerged.
Results
We enrolled 13 participants (nine women and four men) from one outpatient practice in Manhattan, New York City, and interviewed them all by telephone. The interviews averaged 37 minutes in duration (range ¼ 28-52 minutes).
Participants reported a wide range of pain types: osteoarthritis (N ¼ 10), polymyalgia rheumatica (N ¼ 1), chronic abdominal pain (N ¼ 1), and nonspecific pain (N ¼ 1). Participants' average age was 78 years old (range ¼ 65-85 years). Of the 13 participants, 12 were nonHispanic white and one was African American. Participants in the study are representative of the population served by the practice, that is, an older (mean age ¼ 82 years), predominantly female (70%), and largely non-Hispanic white (90%) sample.
Of the 13 interviewees, eight reported owning and regularly using at least one mobile device such as a cell phone or Apple iPad. Those interviewees were asked about their experiences with mobile devices and how they used them. They were not asked if they owned their mobile devices nor if those devices had internet access. The remaining five interviewees reported not owning or using a mobile device of any kind.
Our team's analysis of the data identified three distinct themes in relation to older adults' perceptions of smartphones for pain management: medication management, communication with providers, and supporting participants' ability to socially connect with others.
Medication Management
Medication management was integral to maintaining pain control and quality of life for all study patients. Many interviewees required adjustments to their pain regimen, often switching medications entirely in order to optimize control. Starting and adjusting medications involved discussions with physicians with frequent feedback about the relative efficacy and side effects of each medication trial: Obtaining medications from the pharmacy often presented challenges to maintaining effective pain control. Participants frequently described obstacles they encounter such as forgotten medication refills, delayed prescriptions, and unavailable medications at the pharmacy. This experience led one participant to note that she will "squirrel away" (Participant 7, 76-year-old female) pain medications to cover those times when his medication would otherwise run out. However, several participants reported low expectations for mHealth or that it could actually improve pain management: "I don't know what the iPhone can offer. . .. You're telling me it can offer medical support, but other than that, I don't know" (Participant 8, 76-year-old female). Most were satisfied with their current approaches to medication management, such as using pillboxes or relying on a spouse.
Communication with Providers
Communication factored into all aspects of patients' pain care plans: from sharing and providing feedback about the degrees of pain control they received to reporting drug intolerances and side effects to difficulties obtaining and taking their prescribed pain medications. For example, one participant stated, "It's very important that when the pain is almost unbearable that I be able to talk to [my doctor] and she can give [me] advice as to whatever else I could do" (Participant 9, 77-year-old female).
A barrier to pain communication some participants shared involved forgetting information at the time of the visit or not feeling adequately prepared to discuss their concerns during the visit:
I have a habit of digressing, so I. . .write it down. . . just to be sure that I've got the right points in front of me that I want to be sure to make with the doctor during the course of the conversation. Social Support CNCP isolated interviewees from friends and family activities and limited their ability to share their pain experiences with others. One interviewee described being out with family when she experienced a pain flare that prevented her from participating in a family activity. She also relayed that it was difficult for her to convey her pain experience: I wouldn't be able to go [out] with anyone if they didn't understand that I needed to sit when I needed to sit. 
Discussion
This study sought to identify the ways mHealth could support older adults' needs for patient-provider communication and the ways of managing analgesic medications among patients with CNCP. Of note, our findings went well beyond the initial research question to provide insights into the lived experiences of older adults with CNCP and suggest ways mHealth could potentially be a useful adjunct for managing CNCP. Our findings suggest that mHealth could help to not only address provider-patient communication issues but also help to address the dynamic interrelationships among pain care, aging, health, and behavior. And although open to the idea, participants were unsure of the value of using mHealth to manage opioid medications (see Table 1 ).
Older adults in our study felt that mHealth could play an important role in CNCP care by conveying pain-related information to providers, caregivers, and social networks [20] . This could take the form of measuring activity levels such as steps taken before and after a change in medication or medication dosage. In addition, measuring levels of loneliness or isolation could provide valuable feedback to providers and caregivers to allow for timely intervention.
Some interviewees agreed with the interviewer that having a tool that visually and graphically conveys pain levels might help to externalize their pain experiences. An mHealth app may help patients with CNCP externalize and validate their feeling low, tired, or unable to participate in daily activities. Relaying real-time pain status to providers, caregivers, and loved ones may provide a support tool for patients to convey to their social network that their pain is worse one day or better other days and prompt the network for motivation or coping strategies.
Another area in which mHealth can play an important role in CNCP care is to connect patients through social networks. Smartphone apps are well known social network-building tools that connect people with similar interests. If older adults with CNCP were linked to a clinical registry such as the Pain Assessment Interview Network-Clinical Advisory System (PainCAS) or consumer-oriented research websites such as Patients Like Me, smartphones could promote social connectedness among older adults with CNCP [1] .
These social networks can include a professional who facilitates regularly scheduled discussions among the older adults who have pain [21] .
Although patients did not overwhelmingly embrace the idea of using mHealth to improve pain medication monitoring and adherence, they did not reject the notion out of hand. This is an important insight for potential mHealth adoption among older adults, particularly given that medications remain the principal therapy prescribed by providers for older adults with CNCP [22] . mHealth could be a valuable option for those who would appreciate further assistance with the task of medication monitoring [23, 24] .
Patients relied on their own ways to track medication use and report any side effects back to their providers. Based on this information, building in alerts and reminders to fill and take medications would seem to be a natural fit for an mHealth tool [25] [26] [27] . mHealth may also provide opportunities for novel educational interventions, such as providing patient-specific information on pain syndromes and medication side effects, as well as therapeutic exercises and dietary instructions. Personalization of apps to identify times when learning could have the most optimal effect, such as receiving a new prescription, could also provide proactive opportunities to address patient questions and support problem-based learning.
Developing practical strategies to communicate treatment outcomes to include treatment efficacy, side effects, and medication adherence to providers outside of a typical office visit was also viewed as very important by participants. Many participants viewed mHealth as one potential way of communicating more effectively with their providers, with the caveat that providers might not have adequate time. Our previous study found that providers share this concern [28] . A few participants were already familiar with sending text messages and emails, and nearly all valued the opportunity for real-time and efficient communication. Additional support could occur by helping patients plan their provider visits to better insure that any and all pain-related issues are addressed within the constrained time frame of a busy office visit. Other opportunities, such as streamlining e-prescriptions and improving medication pick-up or assessing availability at area pharmacies, could also help patients and providers better plan for prescription refills.
Technological advances already underway in research and in the marketplace can support CNCP care for aging adults. For example, vendors are offering large-screen smartphones and attempting to provide seamless health applications, as with Apple Inc.'s HealthKit. Although these are welcome advances, they cannot ensure adoption of the technology or improved pain care outcomes in older adults with CNCP. Our results suggest that older adults might well embrace mHealth in general, or smartphones in particular, but they need to be shown the connections to providers and social networks, as well as if and how improvements can be made to medical management beyond today's pillboxes.
Based on this study, we believe the advantages mHealth can offer to older adults reside in breaking down isolation and loneliness by building connections between patients, caregivers, health care providers, and other patients who can share their experiences living with CNCP. These findings tend to run counter to currently available mHealth apps for older adults with CNCP, which primarily deliver general education about one or more pain conditions, instruction in pain techniques (relaxation, stretching, yoga, exercise, etc.), and tracking pain intensity scores using a 0-10 numeric rating scale over time [27, 29] . We report the following limitations for this study. First, we recruited a modest sample size, but the number of interviews is well within the bounds of qualitative inquiry. Still, we encountered recruiting challenges that highlight a potential difficulty with engaging older adults (particularly older-old adults, i.e., those older than age 85 years) in technology research. A second limitation is that we recruited participants from a single health care organization in an urban environment (Upper East Side of Manhattan, New York). Third, we were unable to vet the themes with the participants themselves and instead relied on the research team members' expertise. Fourth, it is possible that young-old adults with chronic pain (i.e., adults younger than age 85 years) could have given different answers than older-old adults; we did not analyze data across the two subgroups due to the small sample size. Fifth, because some interviewees had little to no knowledge of smartphones and other mobile devices, we were unable to generate rich data as to their interests and preferences for using those technologies. Finally, telephone interviews may not have generated as much rich data as would in-person interviews, although there is a lack of evidence to support this [30] .
Conclusions mHealth designs to improve living with CNCP should provide a sense of security among users by addressing areas of daily concern that patients shared during our interviews. Remaining in close contact with health care providers, removing feelings of isolation and debilitation, and obtaining timely and effective medication management as well as a better understanding of their disease were key priorities echoed by study patients. These results hold promise that older adults with CNCP are open to accepting mHealth as a tool in support of pain treatment. Further investigation is warranted to develop understanding as to how mHealth interventions can meet patient needs and bridge the gaps between older adults with CNCP, their providers, and their social support networks for improved quality of life and other relevant outcomes. 
